During the past decade, information technology (IT) has been rapidly integrated into healthcare. Consequently, nursing programs have had to meet the challenge of educating students to deal with advancing technology, from clinical information systems to computerized medical equipments.
Since the mid-1980s, there have been many requests by healthcare leaders and organizations to include NI in nursing education, and to educate nursing students and practicing nurses in core NI competencies (such as word processing, electronic mail [e-mail], Internet/ World Wide Web [WWW] , database, spreadsheet, and bibliographic retrieval). [5] [6] [7] [8] [9] [10] [11] [12] [13] The American Nurses Association 14 has identified NI competencies for nurses at three different levels: beginning nurse, experienced nurse, and informatics specialist. Staggers and colleagues 13 developed a more comprehensive list of NI competencies (304 items) for nurses practicing at four different levels (the previously mentioned three levels plus informatics innovator). These competencies are a useful tool for nursing faculty to use to integrate NI into curricula for all levels of nursing education.
Despite the requests and efforts, the incorporation of NI into nursing education in the United States has increased at a relatively slow pace. By the late 1990s, fewer than one third of accredited baccalaureate nursing programs had addressed computer literacy in their nursing curricula. [15] [16] [17] A recent online national survey of deans and directors of 266 baccalaureate and higher nursing programs by McNeil showed some remarkable improvement. In their findings, about half of the nursing programs reported teaching computer and information literacy skills (such as Internet usage and bibliographic retrieval). Eighty percent of the deans and directors surveyed expected baccalaureate nursing graduates to have NI competencies such as e-mail, word processing, bibliographic retrieval, and Internet/WWW, but fewer than one third reported teaching e-mail, database, and spreadsheet applications in their programs. 10 The authors concluded that current NI education in baccalaureate programs was lacking in areas that were necessary for nursing professionals to use evidence-based practice and collect accurate clinical data.
Although increasing numbers of nursing programs are joining the trend to incorporate NI into their nursing education curricula, few have reported statistical evaluation of the performance of the students or the program in this context. However, for nursing programs, it is important not only to incorporate NI into the curricula, but also to evaluate the NI competencies of students at graduation. This allows the programs to be adjusted with regard to teaching method or content based on the changing needs of the students and new technology. 1, 18 In 1995, Gassert and McDowell 19 reported low levels of computer literacy in undergraduate and graduate students and identified a continued need for nursing faculty to teach basic computer skills. Verhey 20 compared survey results from undergraduate students in a nursing program in San Francisco State University before (in 1992) and after (in 1996) the implementation of information literacy curricula and found no significant improvement in students' self-reported feelings of success and in faculty assessments of students' abilities to evaluate information. Graveley and colleagues 21 reported that self-reported computer literacy of undergraduate nurses significantly improved after six 90-minute computer skill training sessions.
The following study was implemented to evaluate the self-reported NI competencies of undergraduate students in a baccalaureate nursing program upon admission and graduation in the years from 1997 through 2005, and to compare the difference between admission and graduation data. Our research questions were:
1. Have self-reported levels of experience with computer software and hardware by baccalaureate nursing students and graduates increased during the past 8 years? 2. Is there a significant difference in self-reported level of experience with computer software and hardware between admission into and graduation from an upper division baccalaureate nursing program during the past 8 years?
METHODS

Subjects
Nursing students were surveyed from 1997 to 2005 upon admission to the upper division nursing program and at the time of graduation from the program at an East Coast state university. All students completed the Gassert/McDowell Computer Literacy Survey during an orientation session shortly after their admission to the upper division program and during the last week of classes before their graduation. Students were told the information was being collected for program outcome purposes only and responses to the surveys would have no effect on their current or future success in the nursing program. During the survey period, 411 valid questionnaires were collected from admitted students and 429 from graduating students ( Table 1 ). The data for 1999 graduating students and 2002 admitted students were inadvertently not collected. Among all the participants, there were five paired admissiongraduation groups. Because students were surveyed in the traditional four-semester program and in the more accelerated three-semester, second-degree program, some students graduated in December of the year following admission year and others graduated 2 years after admission year. Starting in May 2003, students were asked to give identifying information (student ID numbers). Therefore, as of yet, only one group of students (admitted August 2003 and graduated May 2005) had individual identification information on both admission and graduating survey data. All previous data have no individually identifiable information, so only group mean comparisons can be made. Data were collected at the beginning of the nursing program and the completion of the program. Completion of the nursing program could be considered an intervention and the testing times ''pre'' and ''post'' tests. However, no specific NI intervention was given 1997  33  38  1998  46  37  1999  60  2000  63  47  2001  61  55  2002  55  2003  58  58  2004  90  78  2005  61  Total  411  429 during the program, with the exception of current NI content that is integrated into the program. This integration includes an introductory lecture on NI during the first semester, use of a computerized hospital information system at the acute care facility where most acute care clinical experiences are held, completion of an IT assignment that includes summary and evaluation of print and Web-based healthcare resources, and required use of presentation graphics programs for student classroom presentations.
Instrument
The Gassert/McDowell Computer Literacy Survey 19 was used as a means of evaluating perceived literacy of computer technology by undergraduate students on admission and graduation from the program. This survey measures self-reported level of experience with computer software and hardware through 11 Likert scale items. For each item, such as word processing, the students are asked to note whether their level of experience is none, some, moderate, or extensive. Definitions for these terms are included on the survey as follows: None = ''I have never used this type of computer or software before,'' Some = ''I have used this computer or software but can not use it independently,'' Moderate = ''I use the computer or software, but occasionally need assistance,'' and Extensive = ''I use the computer or software frequently and could show others how to use it.'' This survey was initially developed by Gassert in the early 1990s to assess computer literacy skills of students entering a master's level informatics program. In 1994, the survey was revised to be used with undergraduate students and other master's students (unpublished data, 1994). Since that time, the survey has been revised to add new technology, such as personal digital assistants (PDAs).
Data Analysis
All the survey results were compiled and analyzed with the SPSS (SPSS, Chicago, IL 
RESULTS
Question 1: Have self-reported levels of experience with computer software and hardware by baccalaureate nursing students and graduates increased during the past 8 years?
Pearson correlations of the parameters over time yielded four variables with correlation coefficients greater than .30 on admission data and four variables with correlation coefficients greater than .30 on graduation data (Tables 2 and 3 ). On admission, computer ownership, e-mail, WWW, and presentation graphics had significant correlations, which were .97, .41, .49, and .44, respectively. On graduation, computer ownership, microcomputer use, WWW, and presentation graphics had significant correlations, which were .96, .36, .42, and .47, respectively. The strong correlation between computer ownership and years, both on admission and graduation, is representative of the increasing number of college students who own computers. In 1997, computer ownership among newly admitted students was less than 60% and among students graduating was less than 40% (Figure 1 ). Since 2003, 90% of students own a personal computer on admission and during the time of study in the nursing program (Figure 1) . All of the other correlations that were greater than .30 could be categorized as low to moderate.
Means of combined data by admission were above 3.0 (moderate experience) for microcomputer use, keyboard/typing skills, word processing, e-mail, and WWW (Table 4) . Although all students completed a required statistics course before admission in which computerized statistical programs were used, computerized statistical programs was the lowest mean score on admission (1.54). Evidently this course did not effectively assist students with becoming comfortable with this type of software. Means of combined data by graduation were above 3.0 (moderate) for the same variables as on admission plus bibliographic database searching (Table 4) . Spreadsheets, database, and computerized statistical software mean scores remained low on graduation, with statistical software the lowest score (1.67). Question 2: Is there a significant difference in selfreported level of experience with computer software and hardware between admission into and graduation from an upper division baccalaureate nursing program during the past 8 years?
The independent t test on admission and graduation data from all the participants showed that students' self-reported experience with microcomputer, keyboard, word processing, e-mail, WWW, presentation graphic, bibliographic database searching skills, and computerized statistical programs were all significantly different between admission and graduation, with graduation means higher than admission means (Table 4) . There was no significant difference when comparing spreadsheet experience and database experience.
The results of paired t test on the five matched admission-graduation groups were similar to those of the independent t test on the whole data, with the exception of computerized statistical programs, which did not show a significant difference from admission to graduation (Table 5) . Interestingly, the mean score for spreadsheet use was lower at graduation than at admission, but this was not a significant finding.
For the group with complete individual identification information (August 2003 admission-May 2005 graduation), the results of a paired t test showed that only presentation graphics and bibliographic database searching skills were significantly different between admission and graduation (Table 6 ). No significant differences were found for the other parameters when comparing admission and graduation groups. For spreadsheets, database, and computerized statistical programs, the mean score decreased from admission to graduation, although not significantly.
DISCUSSION
The use of technology has become a central part of the practice of professional nursing. Graduates of nursing programs today must be able to use IT tools, such as clinical information systems, in nearly all healthcare T a b l e 3 arenas. This study was designed to describe and compare nursing students' self-reported experience with computer software and hardware during an 8-year period. A great increase in self-reported experience and ownership was noted during the 8-year period. By 2005, nearly all nursing students are entering nursing programs with basic computer skills in word processing, e-mail, and the WWW. Nearly all of today's students start the program with a personal computer, whereas only 40% of graduating students owned computers in 1997. The reported level of experience with presentation graphics increased significantly from admission to graduation. The use of presentation packages is one that is being incorporated into primary and secondary education in the US. This should result in a continued upward trend of nursing student ratings on admission. Current practices of requiring student presentations with computer-generated presentations should continue to support this area of IT. The finding that students' abilities to search bibliographic databases showed significant differences between admission and graduation can possibly be attributed to various assignments within the nursing program requiring such activities. A need to continue such assignments was supported by Dee and Stanley, 22 who studied both nursing students and clinical nurses. They found that both groups were lacking in skills needed for database searching. This finding is particularly troublesome because a national survey of more than 700 nurse administrators identified the ability to search databases as a critical skill for new nurses. 18 However, in 2003, McNeil and colleagues 10 reported that only one third of nursing programs expect undergraduate students to have competence in using database, spreadsheet, and statistical packages before graduation.
Reported levels of experience with databases, spreadsheets, and statistical packages continue to be low. The findings concerning experience with computerized statistical programs were of interest. Participants in this study were required to take a statistics class before entering the nursing program and a nursing research class within the program. The nursing research course was revised in the year 2000 to exclude actual data analysis using a statistical program. This revision reflected a ''consumer of research'' approach, rather than a ''researcher'' approach. Before 2000, students did small research projects in the nursing research course using data available and entered or entering their own data. Consequently, students' experiences with statistical programs did not rise during the nursing program.
Limitations
Although this study was completed over a number of years with a significant number of subjects, data were collected from only one public university. Most of the students at the university are from the mid-Atlantic region of the US, so this is definitely a limitation of the study. Generalizations outside of this university setting or regional area should be made cautiously. Another limitation of this study is that individual paired data were available for only one admission/graduation group. As more data are collected with individual identifiers, more accurate recommendations will be able to be made. Because the Gassert/McDowell Computer Literacy Survey is a self-report survey, it may not give an accurate assessment of a student's experiences with the variables. Other assessments that would include actual activities may give more accurate data, although these would take more time to complete and may not be as feasible with large numbers of participants. In addition, this survey collects information concerning computer literacy but not information literacy or specific healthcare-related programs. This survey may need additional revisions to remain current as an assessment tool for nursing education.
Recommendations
As noted, the need for new nurses to be competent in a variety of IT formats has much support in the literature. Such competence is needed not only in the areas of e-mail and Web surfing, but more importantly in areas such as database searching, using spreadsheets, and use of statistical programs. Staggers and colleagues 13 identified informatics competencies at four levels of nurse practice. Among other items, computer desktop skills including word processing, presentation graphics, multimedia presentation, keyboard skills, and spreadsheets are listed as competencies for the beginning nurse. The use of statistical analysis software is a competency included for the experienced nurse. Such a nurse does not necessarily have an advanced degree, so it is likely that skill with statistical software obtained during the nurse's basic education may be the only formal education in the use of this software.
Activities or exercises using spreadsheets, databases, and statistical software could be included in nursing research, leadership, or issues courses in the undergraduate curriculum. Information on budgeting should include basic spreadsheet applications. Many new graduates are quickly put in positions in which they must manage budgets. Often they do not have the advantage of working a few years before being in a management position. Familiarizing the students with statistical software for purposes of quality improvement studies would lend itself well to leadership/management courses. Like most other areas in nursing education, students need to see the application of the content to real-life situations, not a lesson on basic spreadsheet skills.
One area that needs additional study is the use of PDAs in nursing and other healthcare education. The Gassert/McDowell Computer Literacy Survey was revised to start collecting data about PDAs in 2003, so no data analysis was included in this report because of insufficient information. However, the minimal data we have shows that, although most students in these groups are not using these tools, the number is rising. Published studies indicate this is true of nursing students and nurses. 23 The devices have been found to be beneficial because they bring current information in a convenient size to the point of care. Drug guide software programs were reported as being used most frequently by nursing students, nurses, and physician assistant students. 23 The use of PDAs is an area that needs continued research and study.
Information technology is central to quality nursing care. Educators of tomorrow's nurses need to assure the best preparation possible for advances in technology. One way to ensure that new nurses can function in the technology-laden environment is to be sure they have the basic tools. Students may be entering nursing programs with basic skills in word processing and e-mailing, but educators need to ensure graduates are leaving the program equipped with other experiences that incorporate the use of databases, spreadsheets, and statistical analyses packages. These programs may assist them to deal with technologies that are still on the horizon and essential to professional nursing practice.
